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INTRODUCTION 
The surface water study was undertaken to enhance existing knowledge 
on the pollution of streamwaters in small watersheds that are exposed to 
surface runoff contaminated by precipitation washout and dry fallout from 
large urban-industrial areas. These urban-industrial pollutants would enhance 
the ground sources of basin pollutants, which include such contaminant sources 
as waste water discharged into the stream, farm fertilizers, industrial and 
farm refuse piles, and top soil carried into the stream by storm runoff. The 
study was carried out in the St. Louis area in order to take advantage of 
meteorological and atmospheric chemical data being collected and analyzed in 
conjunction with METROMEX, a comprehensive 5-year field and analysis program 
devoted to research on urban effects on precipitation (Changnon et al., 1971). 
The field program portion of the 2-year study extended from June 1973 
through August 1974. This program consisted basically of collecting weekly 
streamwater samples on the two basins along with samples of the total weekly 
wet and dry deposition (rainout plus dry fallout) at several representative 
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locations. These two sets of samples were then used to obtain generalized 
estimates of the rainfall-runoff effect on streamwater quality. Also, 
sequential samples of streamwater and total storm rainwater samples were 
collected in selected summer storms. This was done to investigate the 
time lag and time distribution characteristics of pollutants entering the 
surface water through surface runoff in storms of various types and intensity. 
Dry fallout data collected on METROMEX were used in conjunction with the 
streamwater-rainfall sampling in an effort to obtain approximations of the 
relative importance of dry and wet deposition in building up the surface 
pollutant load. 
In our original proposal, it was indicated that the streamwater sampling 
would be done on Canteen Creek, a small basin of 22.5 mi2 near the center of 
the METROMEX Network of 250 raingages in 2000 mi2. This basin, located a few 
miles east of St. Louis, is near the center of the urban-affected rainfall 
high found in earlier climatic studies at the Illinois State Water Survey 
(Huff and Changnon, 1972). As a result of findings during 1971 and 1972 in 
conjunction with the METROMEX urban rainfall study (partially supported by 
NSF), it was decided to include sampling of streamwater in the Indian Creek 
basin of 37 mi2, in addition to Canteen Creek. Indian Creek is located a few 
miles NE of St. Louis near Edwardsville, Illinois, and is in a region where 
the METROMEX studies have indicated a pronounced urban effect on the rainfall. 
The locations of the two basins and the surrounding METROMEX raingages are 
shown in Fig. 1. 
The Canteen Creek basin is approximately 33% urbanized whereas the 
Indian Creek basin is about 90% rural land; thus, the two basins provided a 
means to compare pollution effects with two types of land use. Both basins 
lie in relatively flat terrain with elevations ranging from 425 to 600 ft MSL. 
Although these are small basins, many water supplies for small municipalities 
in Illinois are dependent upon impounding reservoirs with runoff from basins 
of this size and smaller (Stall, 1964). According to U. S. Geological Survey 
records, the average annual discharges are 17.3 cfs and 24.6 cfs, respectively, 
for Canteen Creek and Indian Creek. 
The streamwater and rainwater samples were analyzed for a number of 
chemical constituents. These included calcium, magnesium, sodium, potassium, 
zinc, total dissolved minerals, nitrates, chlorides, sulfates, pH, alkalinity, 
and hardness. The analyzed data then provided information on contaminants 
that are 1) primarily atmospheric in origin, such as zinc, 2) ground-generated, 
such as potassium, and 3) produced by both atmospheric and ground sources. 
Unfortunately, we have been unable to complete all of the storm analyses 
and evaluations originally planned. This has been due to two factors. A 
substantial reduction in the project funds requested in our original proposal 
limited the field program somewhat, primarily because of the loss of field 
technician salary funds. Secondly, much of the atmospheric chemistry analyses 
of storm data for 1973-1974 from the METROMEX project, which we intended to 
use to supplement our field sampling, had not been completed at the time this 
report was prepared. However, when these analyses are completed it is intended 
to extend the storm analyses presented in this report and publish the final 
results in an appropriate professional journal. 
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Figure 1. Location of Basins, Urban-Industrial Areas, 
and Field Equipment 
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DATA COLLECTION PROGRAM 
Streamwater samples were collected weekly at the gaging stations on 
both Canteen Creek and Indian Creek. These were obtained by a trained field 
observer who also collected weekly well water samples. The samples were 
obtained by lowering a plastic bucket into the center of the stream to obtain 
the samples. Several grab samples were taken and mixed to obtain a 
representative measurement. The mixed sample was used to fill a plastic 
gallon container. The sample containers were shipped to the State Water 
Survey for chemical analysis. 
These samples were taken near the stream surface, and according to 
Colston (1974) the pollutant concentrations increase with depth. Thus, our 
measurements are probably more representative of minimum than average or 
maximum concentrations. However, the primary purpose of this study was to 
evaluate meteorological effects on pollutant levels in streamwater downwind 
of large urban-industrial complexes. Our measurements are considered adequate 
for this purpose, and the sampling method provided the most repeatable 
measurement that could be made with available equipment. No automatic 
sampling devices were available or permitted within the budget provided 
for this study. 
Sequential samples of streamwater were obtained at 30-minute intervals 
in selected storms following the above procedures. These samples were 
usually taken over a 4-hour to 6-hour period, but occasionally in major 
storms the sampling period was 8 to 10 hours. These samples were taken 
during the summers of 1973 and 1974 by residents in the area who were 
trained as observers. Streamflow data for use in analyses of both weekly 
and storm streamwater samples were obtained from the U. S. Geological 
Survey. Weather forecasts which were used to plan and initiate the storm 
sampling were obtained from the office of the National Weather Service at 
St. Louis or METROMEX field headquarters. 
Weekly samples of wet-dry deposition were obtained for each week 
during the entire sampling period (June 1973 - August 1974) at three stations 
(22, 81, 151 in Fig. 1), and intermittently at a fourth station (300 in 
Fig. 1). These samples contained both deposition from rainstorms and dry 
deposition during the remainder of the week. The samples were collected 
in polyethylene baskets lined with a disposable polyethylene bag to eliminate 
collector cleansing and provide a clean surface for the atmospheric 
deposition (Stout, 1969). The baskets were approximately 20 inches in 
diameter. The baskets and liners were furnished by the METROMEX project 
where they had been used previously in rainwater chemistry studies. 
Site 22 (Fig. 1) used for collecting weekly atmospheric samples was 
located on the west boundary of the Indian Creek basin and should be 
representative for computing seasonal and annual statistics on rain washout 
and dry fallout. Site 81 which was used in computing atmospheric deposition 
statistics for Canteen Creek was located approximately four miles west of 
the basin, and, therefore, was not as satisfactory a site as the one on 
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Indian Creek. However, it is considered close enough to provide reasonable 
estimates of seasonal and annual depositions, since these statistics should 
not exhibit large variations in small areas when averaged or totaled for a 
season or longer. Site locations were dictated to a large extent by exposure 
requirements, obtaining permission to place the samplers on private property, 
and locating them where there was not a major threat of vandalism. 
A few storm rainwater samples were collected with other baskets at 
the homes of observers on or near the two basins. However, difficulty in 
obtaining and holding observers and accidental destruction of a group of 
samples by one observer severely limited the storm rainwater sampling. 
Fortunately, we were able to obtain storm rainwater samples for Canteen 
Creek from the METROMEX rainwater chemistry network (see Fig. 1) on a few 
days when sequential samples of streamwater were being taken. These 
provided some help in our endeavors to relate rainfall washout with 
streamwater concentration of various chemical constituents. 
Also, we were able to obtain a limited number of weekly atmospheric 
deposition samples from the METROMEX project for which a special sampler 
was used to separate the wet and dry portions of the weekly deposition. 
This device is equipped with a motor-diven cover that exposes one collector 
only during dry weather and another only during rain (Adam et al., 1973). 
These data were used to establish average ratios of wet to dry deposition 
for various chemical constituents. The ratios were then used in conjunction 
with our weekly samples for the 15-month sampling period to obtain first 
approximations of the separate contributions of wet and dry fallout to the 
total surface deposition. Unfortunately, the METROMEX sampling and analysis 
was restricted to atmospheric trace metals (Li, Ca, Na, K, Mg, and Zn), so 
their data could not be used to estimate wet-dry contributions of sulfates, 
nitrates, and other chemical constituents of interest in our study. 
Rainfall data used in our studies was obtained from the METROMEX 
Network of recording raingages spaced approximately 3 miles apart (see Fig. 1). 
Other meteorological data on winds, synoptic storm types , and rain types 
were obtained from data published by the National Weather Service and from 
METROMEX sources. 
CHEMICAL ANALYSES 
Most of the samples were delivered to the Water Survey Chemistry 
Laboratory in four-liter plastic containers which had been cleaned with 
hydrochloric acid and thoroughly rinsed with demineralized water. The 
remainder of the samples were delivered in plastic bags which were immediately 
transferred to four-liter containers. 
Analyses of the rainwater samples were started immediately upon receipt 
of the samples. A 1000-ml aliquot of the supernatant water was pipetted from 
the sample for the sulfate determination. The aliquot was acidified with 
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HC1 and the volume reduced to 200 ml by boiling gently. The sulfate was 
then precipitated as BaSO4, filtered in tared sintered glass crucibles, the 
crucible and precipitate dried, and then weighed. 
Chloride was determined by the mercuric nitrate-diphenylcarbazone 
calorimetric procedure reported by Clark (1950). Nitrate was determined by 
slightly modifying the colorimetric procedure of West and Ramachandran (1966). 
The modification included a change in aliquot size and measuring the 
absorbance with a Beckman Model DU spectrophotometer using a 10-cm cell. 
The total dissolved mineral content of the sample was estimated by conductivity. 
Calcium, magnesium, sodium, potassium, lithium, lead, and zinc were determined 
by atomic absorption spectroscopy. 
ANALYSES OF WEEKLY STREAMWATER SAMPLES 
The weekly streamwater samples in the two basins were analyzed for 
various chemical constituents to determine the relationship between the 
quantity of these stream pollutants and antecedent precipitation. The 
relationship was investigated for antecedent rainfall during periods of 24 
hours to 7 days preceding the analyzed streamwater sample. The analyzed 
data were grouped by season to investigate possible variations in the 
relationship between the warmer and colder portions of the year. 
Seasonal Average Concentrations 
Table 1 shows the average concentration of various chemical constituents 
for each of five seasons of sampling on the two basins. This table provides 
a comparison of the concentrations between various pollutants on each basin 
as well as differences between the two streams. Thus, on both basins the 
highest values occur with total dissolved minerals (TDM), followed by sulfates, 
and calcium. The lowest concentrations occur with zinc, potassium, and 
nitrates. 
Seasonally, the highest chemical concentrations occurred in fall 1973 
on Canteen Creek when runoff was the lowest among the five seasons. On 
Indian Creek, there were no consistent seasonal trends in concentrations. 
No significant relationship was indicated with seasonal rainfall or stream 
discharge. In most cases, concentrations were higher in the Canteen Creek 
streamwater than in Indian Creek streamflow, especially with respect to 
those constituents with relatively high concentrations (TDM, S04, Ca). 
The seasonal differences between the two basins are illustrated further 
in Table 2, which shows ratios of the seasonal mean concentrations on the 
Canteen Creek basin to those on Indian Creek for selected chemical constituents. 
The basin rainfall ratios are also shown. Except for potassium (K), sodium 
(Na), and nitrates (NO3), the Canteen Creek concentrations were higher in all 
seasons. In general, the ratios were highest in fall 1973 when the rainfall 
Table 1. Average Concentration of Chemical Constituents in Streamwater on 
Canteen Creek (CC) and Indian Creek (IC). 
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ratio was low. Similarly, the concentration ratios were lowest in spring 
1974 when the rainfall ratio was the highest among the five seasons. Thus, 
an inverse relationship between chemical concentrations and rainfall is 
indicated. This relationship will be discussed in more detail later. 
Among the chemical constituents in Table 2, the highest ratios 
consistently occurred with the sulfates (SO4). Ratios were also quite 
high with calcium (Ca), magnesium (Mg), chlorides (Cl), and total dissolved 
minerals (TDM), but usually they were considerably smaller than the. sulfate 
ratios. An exception was spring 1974 when rainfall was 30% greater on 
Canteen Creek. Conversely, the sulfate ratios were outstandingly high when 
the rainfall on Indian Creek exceeded that on Canteen Creek. Thus, the 
sulfate concentrations appear to be more acutely affected by the rainfall on 
the two basins than most of the other chemical constituents analyzed. The 
least variable ratios during the five seasons were those for calcium and 
magnesium, indicating least dependence on rainfall differences between the 
two basins. 
Table 2. Seasonal Ratios of Streamwater Chemical Concentrations 
and Rainfall. 
Ratios, Canteen Creek/Indian Creek 
Summer 1973 3.68 0.90 1.87 1.86 1.60 1.80 1.00 1.92 0.95 
Fall 1973 6.24 2.60 2.60 2.16 1.85 2.93 1.00 2.43 0.80 
Winter 1973-74 2.16 0.69 2.11 1.50 1.44 1.38 0.75 1.50 1.01 
Spring 1974 1.75 0.58 1.37 1.77 1.27 0.88 0.67 1.28 1.30 
Summer 1974 4.24 0.67 1.81 1.97 1.52 1.72 1.00 2.05 0.70 
Figure 2 shows the seasonal distributions of selected chemical 
constituents on each basin, along with the seasonal mean rainfall for the 
basins. On the gross seasonal scale, there is evidence of an inverse 
relationship between the pollutant concentrations and precipitation on 
Indian Creek. Thus, most of the contaminants, especially those with 
relatively high concentrations, showed a general upward trend in concentration 
from summer 1973 through spring 1974, and then a leveling off or decrease 
in summer 1974. The seasonal rainfall showed an inverse trend; that is, 
the rainfall decreased from summer 1973 through spring 1974 and then increased 
in summer 1974. 
On the seasonal scale, no strong relationship was found between 
precipitation and chemical concentrations on the more urbanized Canteen 
Creek basin. This may be partially due to the smaller range in seasonal 
rainfall on this basin. The primary correspondence between the rainfall 
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Figure 2. Distribution of Streanwater Chemical Concentrations 
and Rainfall by Season 
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and chemical concentrations (Fig. 2) is the occurrence of a minimum in 
the chemical curves with a slight peak in the rainfall curve in spring 1974. 
The Canteen Creek curves show more pronounced variations between seasons. 
All chemical constituents had a fall maximum and a spring minimum except 
nitrates. The Canteen Creek concentrations relate better to seasonal runoff 
than rainfall (see Table 1). 
The Canteen Creek basin has more frequent exposure to the urban-industrial 
atmosphere than the Indian Creek basin. Air flow is most frequently from the 
SW, W, and NW in the St. Louis region. From Fig. 1 it is readily apparent 
that urban-industrial polluted air from the St. Louis area will pass across 
the nearby Canteen Creek basin with SW or W flow and from the Wood River 
industrial area with NW flow. The Indian Creek basin is exposed to St. Louis 
and Wood River air with SW flow. With W flow, only the southern part of the 
basin is exposed to Wood River air. With NW flow, urban-industrial polluted 
air will not cross the basin. Thus, both dry fallout and rainstorm washout of 
urban-industrial pollutants from the atmosphere would be expected to be more 
pronounced in the Canteen Creek basin compared with the Indian Creek basin. 
However, a more important factor that is most likely involved in the greater 
concentration of chemical constituents in the Canteen Creek streamwater is 
differences in land use. The Canteen Creek basin is approximately 33% 
urbanized, whereas the Indian Creek basin is 90% rural land. Thus, the 
higher pollutant levels in Canteen Creek are likely related to more urban 
ground-generated wastes being discharged into it than in Indian Creek. 
Colston (1974) has shown that urban runoff is strongly related to the pollutant 
level in the stream discharge of urban basins. 
Weekly Concentrations 
A more detailed time pattern of the streamwater concentrations has been 
provided in Figs. 3 to 6 for selected chemical constituents. In these 
illustrations, each weekly concentration (mg/l) is shown for the selected 
streamwater pollutants, along with the basin mean rainfall for the 24 hours 
preceding the weekly streamwater sample. The rainfall data provide a readily 
available means of estimating the precipitation effect on pollutant 
concentrations. 
Figures 3 and 4 shows that the concentrations of sulfates is always 
greater on Canteen Creek than on Indian Creek, the more rural basin. Except 
for an occasional sample, chloride concentrations were also greater on 
Canteen Creek. There were crossovers in the concentrations of nitrates 
between the two streams, but the concentrations were greater in Indian Creek 
during a major portion of the 5-season sampling period. Comparison between 
the chemical concentrations and 24-hour antecedent rainfall does show a 
general trend for the streamwater concentrations to be greater in relatively 
dry periods on Canteen Creek. The 24-hour antecedent rainfall appears to 
relate better to the weekly streamwater concentrations than did the seasonal 
average data discussed earlier. 
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Figure 3. Weekly Measurements of Sulfates, Nitrates, and 
Chlorides in Canteen Creek Streanwater 
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Figure 4. Weekly Measurements of Sulfates, Nitrates, and 
Chlorides in Indian Creek Streamwater 
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Figure 5. Weekly Measurements of Calcium, Potassium and Total 
Dissolved Minerals in Canteen Creek Streamwater 
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Figure 6. Weekly Measurements of Caloium, Potassium and Total 
Dissolved Minerals in Indian Cveek Streamwater 
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Figures 5 and 6 show a set of weekly curves for potassium, calcium, 
and total dissolved minerals. The calcium concentrations on Canteen Creek 
were greater throughout the 5-season sampling period, similar to the situation 
with sulfates. The major calcium source is the soils, and the surface sources 
of sulfates is also relatively high since they are a major ingredient of farm 
fertilizers. However, sulfur compounds are also industrially discharged in 
considerable quantitaties in some areas also. Concentrations of total 
dissolved minerals were consistently higher on Canteen Creek. Similar to 
nitrates, potassium concentrations showed numerous crossovers in the concentration 
curves for the two basins. Potassium sources are largely located at the 
surface. Except for a few weeks, the concentration of total dissolved minerals 
was substantially greater on Canteen Creek. Again, a general trend for the 
24-hour antecedent rainfall and chemical concentrations to be inversely related 
is indicated in Figs. 5 and 6. 
In general, the conclusions reached from the curves of Figs. 3 to 6 
support those discussed earlier in conjunction with the seasonal results. 
The weekly curves do provide a more detailed description of the time variation 
in concentrations than the seasonally integrated data. It will be noted later 
in analyses of concentration variations during individual storms that the 
changes with time in storms are relatively small compared to some of the 
weekly variations appearing in Figs. 3 to 6 that are related to longer period 
changes from relatively wet periods to relatively dry periods. 
Although it may appear redundant, it is again pointed out that the 
chemical concentrations are strongly related to the magnitude of streamflow — 
the concentrations increase substantially in low flow conditions during dry 
periods. Thus, referring to Table 1, the average concentrations of sulfates 
for summer 1973 was 302 mg/l on Canteen Creek, and the runoff was 2565 acre 
ft. During fall 1973, the concentration increased to an average of 469 mg/l 
with a low runoff of 425 acre ft. This represents an increase of 55% in the 
average sulfate concentration from summer to fall. During winter, the sulfate 
average concentration reduced to 47% of its fall value as runoff increased to 
5940 acre ft. Similarly, total dissolved minerals in Canteen Creek showed a 
35% increase from summer to fall 1973, followed by a decrease to 68% of its 
fall value as runoff increased in winter 1973-1974. The streamwater 
concentrations were consistently higher for the majority of the chemical 
constituents on the more urbanized Canteen Creek basin. 
Relation Between Streamwater Concentrations and Antecedent Rainfall 
Correlation coefficients were determined between the weekly concentrations 
of various chemical constituents in the streamwater and antecedent rainfall 
for periods of 24 hours, 48 hours, 72 hours, and 7 days prior to each 
streamwater sample. Weekly analytical results were combined to obtain 
seasonal averages. These averages are shown for each of the analyzed chemical 
components on the two basins for four seasons in Tables 3 and 4. In order 
to evaluate the relative strength of the relationship between the chemical 
concentrations and antecedent rainfall, the individual correlations were 
rated poor, moderate, strong, and very strong. Correlation coefficients 
≥ 0.58, which account for one-third or more of the weekly variance in the 
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concentration, were rated moderate. Similarly, correlation coefficients 
≥ 0.71, which explain 50% or more of the variance, were considered strong, 
and those ≥ 0.82, corresponding to two-thirds or more of the variance, were 
rated very strong. Coefficients ≤ 0.50 (≤ 25% variance explained) were 
considered poor. 
Applying the above rating system to the results in Tables 3 and 4, 
it is immediately apparent that the strength of the relationship among the 
various chemical constituents and antecedent rainfall varies substantially 
not only between seasons but between length of the antecedent rainfall 
periods within seasons. On Canteen Creek, the best summer correlations 
usually occurred with the 48-hour, 72-hour, and 7-day antecedent rainfall. 
In fall, the best correlations (none of which were strong) occurred with 
the 72-hour and 7-day rainfall. In winter, the strongest correlations 
were obtained with 24—hour and 48-hour periods. In spring, no antecedent 
period dominated with the higher correlations. Similar variations apply 
to Indian Creek. Thus, no outstanding consistency was indicated by the 
correlation coefficients with respect to antecedent period. 
On Canteen Creek, strong relations (r ≥ 0.71) occurred in all four 
seasons for one or more antecedent periods with calcium, magnesium, and 
total dissolved minerals. Also, sodium and hardness qualified as strong 
in three of the four seasons. Very strong correlations (≥ 0.82) occurred 
in three seasons with hardness and two seasons with chlorides, calcium, 
magnesium, sodium, and total dissolved minerals. Moderate correlations 
occurred in all four seasons with calcium, magnesium, TDM, hardness, and 
in three seasons with sodium and sulfates. The poorest correlations 
were obtained with nitrates, zinc, and pH values. Seasonally, the highest 
correlations on Canteen Creek were obtained in summer 1973 when 7 of the 
12 chemical constituents had coefficients ≥ 0.82. The poorest seasonal 
correlations, in general, occurred in winter when 5 of 12 qualified as strong 
(≥ 0.71) and none as very strong (≥ 0.82). 
Tables 3 and 4 show some differences in the relation between basins 
in chemical constituents having the highest correlations and, also, in the 
seasons of best and poorest correlations. First, relationships were generally 
strongest in winter on Indian Creek rather than summer, and the poorest 
correlations were found in fall rather than winter. The data samples only 
span a single season in each case; therefore, no reliable conclusion can 
be drawn from this difference in occurrence, since it may be only a sampling 
vagary. 
On Indian Creek strong correlations (≥ 0.71 in one or more antecedent 
periods) were found in three of the four seasons with sulfates, magnesium, 
potassium, and TDM. Strong correlations occurred with calcium, magnesium, 
TDM, sodium, and hardness on Canteen Creek. Thus, the common strong correlators 
were magnesium and total dissolved minerals. Very strong correlations (≥ 0.82) 
occurred most often on Indian Creek with magnesium, hardness, sulfates, 
potassium, and alkalinity. Magnesium was the only common very strong 
correlator between the two basins. Similar to Canteen Creek, nitrates were 
poorly correlated with antecedent rainfall. 
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Table 3. Seasonal Correlation Coefficients Between Concentration of 
Chemical Constituents in Streamwater and Antecedent Rainfall 
on Canteen Creek. 
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Table 4. Seasonal Correlation Coefficients Between Concentration of 
Chemical Constituents in Streamflow and Antecedent Rainfall 
on Indian Creek. 
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Most of the correlation coefficients on both basins, especially the 
moderate to very strong correlations, were negative; that is, the concentration 
of the chemical constituents in the streamwater tended to decrease with 
increasing antecedent rainfall, which, in turn, is usually associated with 
an increase in surface and subsurface runoff into the streams. An exception 
is potassium concentration in streamwater which showed positive correlation 
coefficients in cases of high correlation with rainfall. Potassium is 
primarily a surface-generated pollutant and is a major constituent of farm 
fertilizers. It appears that the tendency for a positive relationship is 
associated with strong surface scavenging of potassium in storm runoff. The 
other stream contaminants result from combinations of surface and atmospheric 
sources or, in some cases, are largely atmospheric-source pollutants. The 
generally stronger correlations between potassium and rainfall on Indian 
Creek, which has a much larger portion of its watershed in crops, supports 
the hypothesis that the positive correlations are associated with surface 
flushing by storm runoff of an element which normally exists in only very 
small concentrations in the streamwaters of the two basins. 
Table 4 shows positive correlations for nitrates also on Indian 
Creek in summer and fall. Similar to potassium, it is a major ingredient 
in fertilizers and normally exists in only small concentrations in the 
streamwater of the two basins. On the more urbanized Canteen Creek basin 
(Table 3), the nitrates correlations are generally negative, particularly 
when the correlation coefficient is of significant magnitude (≥ 0.50). The 
nitrate concentrations revert to negative values on Indian Creek in winter 
when surface flushing of farm fertilizers would no longer be a significant 
factor. 
On Canteen Creek in fall, Table 3 shows positive correlations for most 
of the chemical constituents for 24-hour antecedent rainfall. However, the 
positive correlations are generally too small to be considered significant, 
and they revert to negative values for the 72-hour and 7-day rainfall periods 
when the correlations become stronger. 
Combining the seasonal correlations on both basins for the 12 chemical 
constituents listed in Tables 3-4, the most strong correlations (≥ 0.71) were 
obtained for summer when 65% qualified for this classification. Lowest 
overall correlations were for fall when only 30% of the constituents fell 
into the strong classification. Similarly, very strong correlations (≥ 0.82) 
also occurred most frequently for the two basins combined during summer when 
43% of the constituents qualified, and the lowest frequency occurred in fall 
with only 17% in the strong classification. Combining all seasons and both 
basins, 57% of the constituents showed strong correlations and 34% qualified 
as very strong. 
Table 5 shows annual correlation coefficients for each basin during the 
12 months beginning in June 1973. As expected, the result is a lowering of 
the correlation coefficients because of the masking of the seasonal relations 
which varied somewhat between seasons as discussed earlier. In the annual 
relationships, only the correlation between magnesium and antecedent rainfall 
remained consistently strong ( 0.71) in both basins. Thus, the magnesium 
concentration in streamwater exhibited the most consistency throughout the 
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year. Table 5 is included primarily for the information of the reader, 
since it provides no significant information not revealed by the previous 
seasonal analyses. 
Table 5. Correlation Coefficients Between Concentration of Chemical 
Constituents in Streamflow and Antecedent Rainfall for 
12-Month Period, June 1973 - May 1974. 
Canteen Creek Indian Creek Chemical 
Constituent 24-hr 48-hr 72-hr 7-day 24-hr 48-hr 72-hr 7-day 
Sulfates -0.41 -0.51 -0.52 -0.54 -0.60 -0.64 -0.59 -0.56 
. Nitrates -0.21 -0.28 -0.23 -0.17 0.12 0.12 0.16 0.16 
Chlorides -0.40 -0.47 -0.43 -0.36 -0.46 -0.51 -0.46 -0.45 
Calcium -0.61 -0.66 -0.67 -0.62 -0.69 -0.74 - -0.68 -0.64 
Magnesium -0.70 -0.77 -0.77 -0.71 -0.71 -0.77 -0.72 -0.71 
Sodium -0.46 -0.53 -0.53 -0.49 -0.40 -0.46 -0.46 -0.46 
Potassium 0.12 0.12 0.05 0.05 0.47 0.51 0.52 0.53 
TDM -0.56 -0.62 -0.63 -0.59 -0.69 -0.73 -0.66 -0.63 
Mean 
0.20 0.31 0.45 0.73 0.18 0.24 0.39 0.77 
Rainfall (in.) 
Total Chemical Content of Streamflow 
The weekly measurements of streamflow on the two basins were used to 
compute estimates of the total content of chemical constituents flowing past 
the gaging stations. This parameter was expressed in grams/second to provide 
a measure of the deposition or total contamination potential of the streamwater 
pollutants. As expected, the general trend was for the mass passing the gage 
(g/sec) to increase with increasing streamflow. This does not necessarily 
mean that the concentration per unit volume was greater, but that the total 
available amount of pollutants in the stream became greater as the streamwater 
volume increased. Figure 7 illustrates typical curves for the two basins, 
based on sulfates. Data for all seasons have been combined, since they appear 
to fit closely the same regression line. These two curves provide an estimate 
of the sulfate content of the two streams with varying flow rates. 
Table 6 shows weekly median mass flows of selected chemical constituents 
(g/sec) on Indian Creek (IC) and Canteen Creek (CC). These have been included 
to provide an additional measure of the generalized magnitude of the mass flow 
in the streamwater on these two small basins. Median values are shown for 
each season of sampling. In both basins, the largest values were obtained 
during winter and spring when streamflow maximized. Similarly, most chemical 
constituents had their lowest values in fall when the streamflow was lowest, 
on the average, in the two basins. 
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Figure 7. Mass Flow of Sulfates in Canteen Creek 
and Indian Creek Strearrwater 
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Table 6. Mass/Unit Time of Selected Chemical Constituents Passing 
Streamwater Gaging Stations - Season Medians for 1973-74. 
Summary 
Analyses of chemical constituents in the streamwaters of Canteen Creek 
and Indian Creek during 1973-1974 indicated a generalized inverse relationship 
between streamwater chemical concentrations and precipitation. Among the 
chemical constituents analyzed, sulfate concentrations appear to be the most 
strongly affected by rainfall magnitude. Conversely, calcium and magnesium 
concentrations showed the least dependence on rainfall in the two basins. In 
most cases, concentrations were higher in the streamwater of the more urbanized 
Canteen Creek basin. Among the chemical contaminants analyzed, the highest 
concentrations were obtained with total dissolved minerals, sulfates, and 
calcium. The lowest concentrations occurred consistently with zinc, potassium, 
and nitrates. 
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Computations of the total chemical content of the streamwaters of the 
two basins indicated a general trend for the contaminant mass passing the 
stream gage to increase with increasing streamflow, because of the addition 
of pollutants from the atmosphere and surface in the runoff process. Thus, 
the trend was for the total stream load to increase with increasing 
precipitation, although the concentration of streamwater contaminants 
decreased at the same time in the greater volume of streamflow. 
Correlation analyses indicated that the weekly streamwater concentrations 
were not strongly related to any particular antecedent rainfall period of 1, 
2, 3, or 7 days. Rather, the correlation strength varied considerably between 
seasons and between various chemical constituents within seasons. However, 
relatively strong correlation coefficients (≥ 0.71) were obtained in all 
seasons except fall when data from both basins were combined. Except for 
fall, very strong correlations (≥ 0.82) were obtained for 35% t.o 43% of the 
chemical constituents analyzed. This implies, of course, that antecedent 
rainfall is a most important factor in determining the streamwater concentration 
at a given time. 
TIME DISTRIBUTION OF STREAMWATER CHEMICAL 
CONSTITUENTS IN STORMS 
Data from 24 storms during 1973-1974, in which four or more sequential 
streamwater samples had been taken on the two experimental basins, were used 
to investigate the possible existence of distinct types of time distributions 
in the concentration of chemical constituents. All storms occurred in the 
warm season, that is, from spring to fall, and were mostly thunderstorms or 
rainshowers. In each storm, the ratio of the concentration of each individual 
sample to the storm mean concentration was determined. In an earlier study of 
the rainout of radioactivity (Huff, 1964), this type of analysis revealed 
distinct types of time distribution patterns in the radioactive rainout. 
Pattern Types 
The storm streamwater analyses on the two basins indicated three general 
types of time distributions. These are shown in Table 7 where analytical 
results for five of the chemical constituents have been shown. Other time 
patterns have been combined in the last column of Table 7. 
The most common pattern was that designated as "flat", in which only 
minor fluctuations in concentration occurred throughout the storm sampling 
period, with no definite time trend. This pattern occurred among the four 
chemical constituents shown in Table 7 in 33% or more of the 24 storms. 
Overall, as indicated by the medians of Table 7, storms in which the concentration 
increased to a peak value within the storm period, and then decreased again 
during the sampling period, ranked second in frequency. The other two types 
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were those in which either a gradual increase or gradual decrease in 
concentration occurred throughout the sampling period. The flat pattern 
was not only the most frequent, but the most distinct with respect to shape. 
The other three types were more difficult to classify, since in most cases 
the peaking, increase, or decrease were relatively small during the 
sampling period. 
Of all the chemical constituents studied, potassium and nitrates most 
frequently showed a tendency to have an interstorm peak or to increase 
throughout the sampling period. This tendency was most pronounced in storms 
on the more rural Indian Creek basin during summer. Both are major constituents 
of farm fertilizers, and surface flushing of these chemical constituents in 
the runoff process is believed to be the primary cause of the observed anomaly. 
Table 7. Time Distribution Characteristics of Chemical Constituents 
in Streamwater During Warm Season Storms. 
Number of Storms Having Given Distribution Type 
Chemical Interstorm 
Constituent Flat Peak Increase Decrease Others 
Sulfate 9 5 4 5 1 
Nitrates 8 6 6 2 2 
Sodium 8 6 3 5 2 
Potassium 8 7 5 3 1 Total Dissolved 11 2 4 5 2 
Minerals 
Median 8 6 4 5 2 
Figure 8 shows typical time distributions for the two basins. These 
distributions for selected chemical constituents in the storm of June 26, 1973 
indicate predominately flat or slightly decreasing concentrations with time. 
However, potassium shows an interstorm peak on Indian Creek and a slowly 
increasing concentration on Canteen Creek during the sampling periods. 
The general conclusion from this analysis is that only minor changes 
in the time distribution of chemical concentrations usually occur during and 
immediately following convective rainstorms (thunderstorms and rainshowers) 
on the small basins used in this field experiment. The contribution from 
atmospheric rainout in light storms with little runoff is not sufficient to 
affect significantly the streamwater concentration of most chemical constituents. 
In heavier storms where there is substantial surface runoff, it appears that 
the streamwater dilution from the addition of storm water usually compensates 
for all or most of the potential concentration increase from the additional 
pollutants entering the stream from atmospheric rainout and from flushing of 
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Figure 8. Time Distribution of Chemical Concentrations in Indian 
Creek and Canteen Creek Streamwater in Storm of 6/26/73 
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surface contaminants by the storm runoff. However, as indicated by the 
medians in Table 7, there is some evidence of a slight increase in chemical 
concentrations during or following approximately 40% of the rainstorms 
(interstorm peak and increase types). However, concentration changes in 
the several hours following the start of basin rainstorms were not nearly as 
pronounced as those observed in an earlier study concerned with the rainout 
of radioactivity on small basins in Illinois (Huff, 1963). 
Use of Chemical Tracer 
As part of the METROMEX program, lithium is used as a tracer in selected 
storms. This inert atmospheric tracer in the form of lithium chloride is 
injected into clouds approaching the raingage and rainwater chemistry networks. 
The rainwater is then analyzed for lithium content to provide information on 
the precipitation processes operating in convective clouds (Semonin, 1973). 
Initially, we had hoped to use the release of this atmospheric tracer 
to provide information relating to the intensity and travel time to the stream 
of atmospheric pollutants brought to the surface in rainfall on the Canteen 
Creek basin. However, it was found that the natural lithium concentration in 
the streamwater was considerably higher than the rainwater concentrations 
resulting from the tracer injections. Analyses on several tracer days indicated 
that any tracer reaching the stream was insignificant compared with the dilution 
effect on the natural background concentration resulting from the rainfall-
runoff processes. That is, it was found that the natural lithium concentration 
in the stream decreased substantially following moderate to heavy rainfalls. 
Thus, it had to be concluded that the lithium tracer could not be used 
effectively in our study, and no further attempts were made after the initial 
evaluation in summer 1973. 
COMPARISON OF STREAMFLOW WITH SELECTED METEOROLOGICAL PARAMETERS 
An investigation was made to determine whether any distinct relationship 
existed between streamwater concentrations of the various chemical constituents 
and several meteorological parameters. This was done for those storms in 
which sequential streamwater samples had been taken during and following the 
rainfall. The storm factors investigated were wind, synoptic storm type, 
and rain type. 
Wind Flow Effect 
An analysis was made of the possible relationship between wind flow 
(air movement) and streamwater concentration in those storms for which 
sequential streamwater samples were obtained on the two basins during 1973-1974. 
It was hypothesized that the streamwater concentrations for Canteen Creek might 
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be greater with low-level wind flow from the southwest quadrant. This wind 
movement could conceivably carry urban-industrial pollutants into the storm 
system as it moved across St. Louis and then deposit part of this contaminant 
load in the rainfall as the storm passed over Canteen Creek later. The same 
wind movement (from the SW quadrant) would also favor storm ingestion of 
contaminants as a storm moved across Alton-Wood River industrial area and 
then partial washout could occur over the Indian Creek basin. 
Analyses of the Indian Creek data indicated a trend for slightly higher 
streamwater concentrations of the chemical constituents with southwesterly 
winds than with those from the other three quadrants (NW, NE, and SE). This 
is illustrated in Table 8 where average ratios of the concentrations of 
various chemical constituents with SW winds to those with winds from the 
other three quadrants combined are shown on the first line. There were 10 
storms with SW winds and 6 storms with winds from the other quadrants. All 
of the ratios exceeded one, and except for potassium, the concentrations 
with SW winds averaged from 8% to 30% greater. 
The Indian Creek findings indicate a possible relationship between 
wind flow and streamwater concentrations in warm season storms with which we 
were primarily concerned in this study. However, when ratios similar to 
those for Indian Creek were computed for Canteen Creek, the hypothesized 
relationship was not found. Based on 10 storms with SW flow and 4 storms 
with flow from other quadrants, the ratios indicated smaller concentrations 
with winds blowing from the urban area of St. Louis toward Canteen Creek 
(Table 8). 
Table 8. Ratios of Average Concentrations of Chemical 
Constituents in Streamwater with Storms 
Stratified by Wind Direction. 
Ratio of Concentrations with SW Quadrant Winds to 
Concentrations with other Quadrant Winds 
Since the SW quadrant would be expected to be most favorable for 
transmission of urban contaminants to both small basins, the data from the 
two foregoing analyses were combined and ratios computed for average 
concentrations in the 20 SW storms to the averages based on the 10 cases 
for the other quadrants. These average ratios are shown on the bottom line 
of Table 8. The combined basin ratios show a slight trend for greater 
streamwater concentrations with SW winds among some of the chemical 
constituents. These include nitrates, chlorides, sodium, and calcium which 
show 5% to 10% greater concentrations, on the average, with SW winds. 
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Synoptic Storm Comparisons 
For this analysis, the sampled storms were divided initially into the 
following storm types on each of the two basins: squall lines, squall areas, 
cold fronts, warm fronts, and non-frontal air mass storms. These are common 
stratifications used in meteorological analyses. Because there were only 16 
storms for which sequential samples of streamwater were available on both 
basins, the above types were combined into three general types including squall 
lines plus squall areas, cold plus warm fronts, and air mass storms. 
Results of this analysis are summarized in Table 9, in which group 
median concentrations for all storms combined have been tabulated. There 
is a slight trend indicated on both basins for the streamwater concentrations 
to be a little greater with fronts and air mass storms than with squalls. 
However, these are not large enough to be designated statistically significant. 
Furthermore, the squalls tended to produce heavier rainfall, on the average, 
than the other two types, and the differences in Table 9 could very well be 
attributed to the greater dilution effect in heavier storms; that is, the 
concentration tends to vary inversely with runoff as indicated in earlier 
discussions. 
Table 9. Comparison of Streamwater Concentrations 
Grouped by Storm Type. 
Median Concentration (mg/l) for Number 
Given Storm Group 
Storm of 
Type Storms Ca Mg Na K NO3 Cl SO4 TDM 
Indian Creek 
Squall Lines 
+ 6 68 29 19 4 11 18 102 395 
Squall Areas 
Fronts 7 74 35 23 3 10 17 118 426 
Air Mass 3 77 32 21 3 16 17 107 425 Storms 
Canteen Creek 
Squall Lines 
+ 6 87 32 19 4 8 22 210 526 
Squall Areas 
Fronts 7 109 43 22 4 7 26 242 620 
AirMass 3 115 32 25 5 4 27 364 640 
Storms 
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Rain Type Comparisons 
The storm data were classified according to rain type. However, nearly 
all the storms were associated with convective rainfall, thunderstorms or 
rainshowers. No significant differences in streamwater concentrations were 
observed between these two dominating types. 
WEEKLY CONCENTRATIONS AND DEPOSITIONS OF ATMOSPHERIC 
RAINOUT AND FALLOUT 
Weekly samples of rainwater and dry fallout were collected in large 
plastic bags used previously in atmospheric chemistry studies [see Stout (1969) 
for description]. These were installed at several locations to obtain 
estimates of the atmospheric contribution to streamwater concentrations and 
surface deposition of selected chemical constituents. Table 10 shows median 
values of the weekly concentrations (rainwater and dry air fallout combined) 
obtained from samples at the three stations. Station 22 is located adjacent 
to the Indian Creek basin (Fig. 1). Station 81 is located four miles west 
of Canteen Creek and is used to represent average conditions over that basin. 
Station 151 is located in the East St. Louis area and, along with Station 81, 
is frequently downwind of the urban-industrial stack outputs. Similarly, 
Station 22 is frequently downwind of the Alton-Wood River industrial area. 
The weekly rainwater samples were corrected for evaporation through use of 
recording raingage charts at the same locations. 
Maximum atmospheric rainout and fallout for all chemical constituents 
did not occur at any single station. The most pronounced trend among 
individual contaminants was the maximization in each season of Ca and Mg at 
the East St. Louis station (151). There was also a strong trend for Station 
151 to have the highest potassium concentrations. 
It is interesting to compare Table 10 with Table 1, which shows 
average concentrations of chemical constituents in the streamwaters of Canteen 
Creek and Indian Creek. The concentrations of Table 10, computed from the 
combination of wet and dry fallout, are small compared with the existing 
streamwater concentrations. Thus, comparing Station 22 (near Indian Creek) 
with the Indian Creek streamwater, the calcium median for summer 1973 was 0.77 
mg/l in the atmospheric sample compared with 57 mg/l in the streamwater. 
Similarly, nitrate concentrations were 1.24 mg/l in the atmospheric sample 
compared with 10 mg/l in the streamwater; sulfates were 4.12 and 82 mg/l, 
respectively; and, total dissolved minerals were 15 and 333, respectively. 
Except for nitrates, the atmospheric/streamwater ratios were small in 
all seasons. The obvious conclusion is that the atmospheric contribution to 
the contaminant level in the two streams studied is normally very small. The 
highest atmospheric concentrations were obtained with the sulfates, but the 
ratios were small because of the relatively high sulfate content of the two 
streams. Median ratios of the atmospheric to streamwater concentrations for 
the two basins are shown in Table 11, based upon atmospheric data for 
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Station 22 (Indian Creek) and Station 81 (Canteen Creek) for the summers 
of 1973 and 1974 combined. 
Table 10. Comparison of Combined Atmospheric Rainout and Dry 
Fallout at Three Selected Stations - Seasonal 
Median Concentrations During Weeks with Rain. 
Median Concentrations, mg/l 
Number of 
Station Ca Mg Na K Zn NO Cl S04 TDM Samples 
Summer, 1973 
22 0.77 0.08 0.02 0.07 0.03 1.24 0.22 4.12 15.4 5 
81 1.93 0.23 0.09 0.13 0.02 1.77 0.29 4.19 13.6 7 
151 4.54 0.61 0.10 0.38 0.01 1.23 0.31 4.45 19.8 8 
Fall, 1973 
22 1.54 0.16 0.09 0.21 0.09 2.30 0.39 6.15 10.6 9 
81 2.57 0.36 0.08 0.18 0.03 1.81 0.38 4.65 12.3 9 
151 4.23 0.71 0.06 0.30 0.03 1.69 0.37 2.75 14.3 10 
Winter, 1973-74 
22 0.96 0.07 0.08 0.05 0.05 1.37 0.24 3.66 8.1 9 
81 0.61 0.10 0.16 0.08 0.03 1.50 0.11 2.96 9.9 11 
151 2.50 0.43 0.16 0.05 0.05 1.22 0.32 3.32 12.3 11 
Spring, 1974 
22 1.97 0.20 0.12 0.13 0.12 3.21 0.48 7.20 17.5 6 
81 2.14 0.23 0.24 0.12 0.03 1.77 0.49 4.81 16.8 11 
151 4.13 0.61 0.37 0.24 0.05 1.69 0.63 4.32 17.3 11 
Summer, 1974 
22 1.81 0.19 0.30 0.22 0.19 1.94 0.62 7.03 15.0 6 
81 2.59 0.27 0.18 0.29 0.01 0.63 0.76 4.38 17.1 8 
151 3.51 0.52 0.14' 1.07 0.02 1.46 0.57 4.61 19.8 6 
Separation of Wet-Dry Fallout 
The foregoing discussion pertained to concentrations of chemical 
constituents in captured rainwater, but these weekly rainwater samples also 
contained dry fallout for the week. Therefore, the concentrations in Table 10 
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do not show the actual rainwater concentrations of chemical contaminants; 
rather, they provide a measure of the weekly atmospheric contribution at the 
surface. 
Table 11. Ratio of Median Summer Concentration of Chemical 
Constituents in Atmospheric Samples to Concentration 
in Streamwater During Summers of 1973 and 1974. 
Ratio, Atmospheric/Streamwater 
Canteen Creek 0.013 0.203 0.014 0.020 0.006 0.005 0.060 0.023 
Indian Creek 0.058 0.212 0.024 0.025 0.006 0.007 0.049 0.040 
Of major interest is the actual concentration of chemical constituents 
in rainstorms and the separate amount of contaminants deposited at the surface 
by the wet and dry fallout processes. Therefore, a technique was devised to 
obtain a separation of the wet and dry components of the weekly samples, so 
as to provide an approximation of the actual rainwater concentrations and the 
wet and dry deposition contributions at the surface. 
The technique was based upon use of a special wet-dry sampler borrowed 
from METR0MEX and described by Adam et al. (1973). This device provides 
compartments for the automatic separation of rainfall and dry fallout. Data 
from 14 weeks of operating this device were used to derive median relations 
between wet and dry deposition at Site 81 near the Canteen Creek basin. These 
relations were then used to estimate the wet and dry components of the fallout 
from the routine weekly collection of samples in the large plastic bags. 
In separating the wet and dry components of our weekly samples, the ratio 
of the total weekly deposition at each sampling station to the median total 
deposition obtained from the wet-dry samples was calculated. This ratio was 
then multiplied by the median dry deposition rate obtained from the wet-dry 
sampler experiment and the result again multiplied by the number of dry hours 
in the week to obtain an estimate of the weekly dry deposition. This was then 
subtracted from the total deposition to obtain the wet deposition for the week. 
The wet deposition was then converted to average concentration of rainwater 
contaminants through use of the weekly rainfall at the adjacent raingage. 
This method of separation provides only a first approximation of the wet-dry 
contributions to the atmospheric contamination reaching the ground, but does, 
at least, provide some measure of the relative importance of the two sources 
of ground contamination that eventually contribute to stream contamination 
through overland flushing in rainstorms, plus direct fallout on the water course. 
The wet-dry sampler data were analyzed by METR0MEX personnel for their 
particular uses, so that only trace metals were included. Thus, our weekly 
separation estimates could only be applied to these metals. Estimated median 
concentrations for the selected elements are shown in Table 12 for each season. 
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The weekly median concentrations are small in each season on both basins, 
Canteen Creek (Site 81) and Indian Creek (Site 22). However, they are in fair 
agreement with the findings of Junge and Werby (1958), based on widespread 
observations over the United States in 1955-1956. For example, they indicate 
that in the St. Louis area the average concentration of sodium is 0.15 to 0.20 
mg/l and potassium averages about 0.10 mg/l. Table 12 indicates sodium 
concentrations ranging from 0.06 to 0.15 mg/l on Canteen Creek with an overall 
5-season median of 0.11 mg/l. Similarly, potassium varied between 0.04 and 
0.10 on Canteen Creek with an overall median of 0.05 mg/l. 
Table 12. Median Concentration of Selected Chemical Constituents 
in Weekly Rainwater Samples. 
Concentration (mg/l) for Given Element 
Canteen Creek (#81) Indian Creek (#22) 
Summer 1973 0.83 0.08 0.06 0.05 0.01 0.36 0.03 0.01 0.03 0.02 
Fall 1973 1.23 0.14 0.06 0.06 0.02 0.78 0.08 0.07 0.07 0.07 
Winter 1973-74 0.31 0.06 0.11 0.04 0.02 0.50 0.04 0.06 0.02 0.04 
Spring 1974 0.99 0.10 0.15 0.05 0.02 0.94 0.09 0.09 0.05 0.09 
Summer 1974 1.14 0.11 0.13 0.10 0.01 0.73 0.08 0.21 0.08 0.08 
Of more importance to this particular study is the question of the 
contribution of the storm rainout contaminants to the stream load. In Table 13, 
the average rainwater concentrations for the 5-season sampling period have 
been expressed as a percentage of the average streamwater concentration on 
the two basins. This table indicates that the potential rainout contribution 
to the streamwater contamination is small. 
Deposition of Atmospheric Contaminants in Rainwater and Dry Fallout 
Tables 14 and 15 provide a measure of the deposition of atmospheric 
contaminants on the two experimental basins for the 5-season sampling period. 
The Indian Creek statistics are again based on the rainwater sampling station 
at Site 22 and the Canteen Creek values at Site 81. In Table 14, the weekly 
median deposition of selected elements has been shown, based upon seasonal 
median concentrations from June 1973 through August 1974 and the seasonal 
rainfall totals. Medians were calculated from data for 33 weeks during the 
sampling period when measurable precipitation was recorded. 
All weekly depositions were relatively small in actual magnitude. 
However, among those elements analyzed, calcium showed much larger atmospheric 
depositions on both basins than any of the other four elements. The 
depositions were not consistently greater on either basin. The depositions 
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of calcium and magnesium (wet + dry) compare favorably with values obtained 
by Wagner and Holloway (1975) in Arkansas, but sodium and potassium depositions 
were considerably smaller in Illinois. 
Comparison of the wet and dry depositions in Table 14 show that the 
magnitude of the deposition for Ca, Mg, and K is greater from dry fallout than 
from washout by rainfall. However, the wet deposition is greater for Na and 
Zn. These difference are likely related to size distributions of the 
contaminants containing these elements in the atmosphere, their primary 
source (surface to low levels vs. medium to high levels), and distance from 
primary sources. In general, differences in total deposition between the 
wet and dry components were small. This agrees with the recent findings 
of Wagner and Holloway (1975) in Arkansas. 
Table 15 shows the median ratio of dry to wet deposition rates. Although 
Table 14 indicates that the wet and dry deposition contributions are of the 
same order of magnitude over an extended period of time, the rate of deposition 
is much greater in rainfall which occurs in only a small percentage of the 
total hours per season or year (Huff, 1971). The ratios in Table 15 indicate 
that the dry deposition rate is usually less than 10% of the wet rate, and 
with some elements the dry rate is only 1% to 2% of the storm rainfall rate. 
Thus, atmospheric contributions to potential stream contamination are much 
greater during periods of rainfall. 
Table 13. Rainwater Concentration Expressed as Percent of 
Streamwater Concentration for Selected Elements, 
5-Season Means on Two Basins. 
Basin Calcium Magnesium Sodium Potassium 
Canteen Creek 0.73 0.25 0.30 1.50 
Indian Creek 1.12 0.29 0.38 1.18 
Table 14. Weekly Median Deposition of Selected Chemical Constituents 
in Rainwater During 5-Season Sampling Period on Indian 
Creek and Canteen Creek Basins. 
Median Wet Median Dry 
Deposition (lbs/mi2) Deposition (lbs/mi2) 
Indian Creek 72.8 7.1 8.3 4.9 6.3 81.1 8.9 2.8 7.2 2.7 
Canteen Creek 71.1 8.5 14.0 3.7 1.2 79.7 11.8 4.5 6.5 0.5 
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Table 15. Median Ratio of Dry to Wet Deposition Rates During 
5-Season Sampling Period on Indian Creek and 
Canteen Creek Basins. 
Ratio for Given Element 
Ca Mg Na K Zn 
Indian Creek 0.07 0.10 0.03 0.13 0.03 
Canteen Creek 0.03 0.03 0.02 0.05 0.01 
Total Atmospheric Deposition in Summer 
Data from the weekly samplers during 1973-1974, which contained both 
wet and dry deposition, were analyzed to obtain estimates of the weekly 
deposition of various atmospheric contaminants on each basin during the summer 
when convective storms produce most of the rainfall. The weekly deposition 
provides a gross estimate of the atmospheric contribution to surface pollution, 
which, in turn, provides a measure of the potential streamwater pollution from 
atmospheric sources. Obviously, only a portion of the atmospheric deposition 
will reach the streams because of entrapment at the surface and leaching into 
the soil. Nevertheless, it was considered desirable to utilize the available 
data to provide some additional information on the possible magnitude of the 
atmospheric contribution to surface pollutants on small basins, such as 
studied here. 
Table 16 shows the total deposition medians calculated from the data 
obtained with the weekly samplers in lbs/week. Computations of deposition/mi2 
are also included to normalize for the difference in basin areas. Ratios 
of Canteen to Indian Creek depositions/mi2 in Table 16 show no strong trend 
for either basin to dominate in atmospheric deposition. Most outstanding is 
the much greater rate of zinc deposition on Indian Creek. 
Table 16 provides only a gross first estimate of the atmospheric 
contribution to surface pollution from particulates discharged into the 
atmosphere from commercial, industrial, and residential sources. It 
indicates a yearly deposition of 7 to 9 lbs/acre/year for nitrates from 
atmospheric sources. This statistic agrees well with data provided by 
Harmeson et al., (1971) who indicate that nitrogen reaching the earth in 
Illinois precipitation ranges between 1 and 19 lbs/acre/year. 
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Table 16. Median Weekly Deposition on Canteen Creek 
and Indian Creek Basins During Summer. 
RELATION BETWEEN ATMOSPHERIC DEPOSITION 
AND STREAMWATER CONTAMINANT LOAD 
In a further effort to obtain estimates of the atmospheric contribution 
to streamwater contamination, computations were made of the total basin 
deposition of wet and dry fallout and the total stream load of selected chemical 
constituents for the 12-month period, June 1973-May 1974. The 12-month stream 
load of each constituent was calculated from the weekly streamwater samples. 
The total atmospheric deposition was estimated from the weekly samples of 
combined wet and dry fallout. 
Results are summarized in Table 17 where the atmospheric deposition of 
each chemical constituent has been expressed as a ratio to the total stream 
load of that constituent for the 12-month period. Thus, the sulfate ratio on 
Canteen Creek was 0.045 which indicates the atmospheric deposition was 
equivalent to only 4.5% of the total sulfate load carried by Canteen Creek 
during the 12-month sampling period. This does not indicate that the atmospheric 
deposition accounted for 4.5% of the stream load, since only a portion of the 
atmospheric fallout will reach the stream by runoff and direct fallout. 
Harmeson et al., (1971) in a study of nitrate loads in the Kaskaskia basin of 
1030 mi2 above Shelbyville, Illinois, indicated that 50% of the precipitation 
deposition would reach the stream annually. Using this percentage value, the 
atmospheric contribution of sulfates to the Canteen Creek contaminant load 
would be about 2%. Similarly, the atmospheric contribution of sulfates to the 
total content of Indian Creek (17.4% of the stream load) would be expected to 
be less than 9% with the 50% reduction value. Thus, the atmospheric effects 
of sulfates and most of the chemical constituents in Table 17 would be small 
compared with surface-generated sources of streamwater pollution, on an annual 
basis. 
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Table 17. Ratio of Atmospheric Deposition to Stream Load for 
Selected Chemical Constituents During 12-Month 
Period on Canteen Creek and Indian Creek Basins. 
Three relatively large ratios are indicated in Table 17. These are 
the two ratios for nitrate and the ratio of 2.23 for zinc on Indian Creek. 
The unusually high nitrate ratios are difficult to explain. Major sources 
of streamwater nitrates are wastewater, farm and industrial refuse piles, 
fertilizers, soils, and precipitation. The nitrate ratios indicate an 
unusually strong source in the lower atmosphere, which would most likely 
be an industrial source, such as a fertilizer factory in the St. Louis area. 
Chemical decomposition of surface refuse piles is another potential source, 
but not likely to furnish the relatively large amounts indicated by the 
ratios. Harmeson et al., (1971) indicated that precipitation would contribute 
only about 4% of the nitrate discharge in the Kaskaskia basin. 
The unusually large zinc ratio (2.230)for Indian Creek indicated that 
much more zinc was deposited at the surface from atmospheric sources alone 
than was contained in the streamwater from all sources. This could only 
result from a major source of zinc effluent in the atmosphere from industrial 
sources in the region upwind of Indian Creek. Obviously, only a part of this 
zinc deposition reached the stream through the runoff processes. Industrial 
sources of zinc may be located in the Alton-Wood River area a few miles SW 
of the basin and Granite City, a few miles south. Both of these industrial 
regions have steel plants that may be sources of zinc output to the atmosphere. 
The results in Table 17 indicate that the atmospheric contribution to 
the stream load of the two basins would be very small from most chemical 
constituents, and insignificant in comparison with other contaminant sources 
at the ground. However, in two cases, nitrates on both basins and zinc on Indian 
Creek, there is evidence of a potential substantial contribution to the stream 
total contaminant load from atmospheric sources. This leads to the conclusion 
that urban-industrial sources can be important contributors to stream 
contamination under certain circumstances through stack discharge of certain 
Sulfates 0.045 0.174 
Nitrates 0.506 0.432 
Chlorides 0.022 0.052 
Calcium 0.046 0.064 
Magnesium 0.015 0.017 
Sodium 0.015 0.006 
Potassium 0.102 0.083 
Zinc 0.157 2.230 
Total Dissolved Minerals 0.060 0.100 
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effluents in relatively large quantities into the lower atmosphere. Although 
it was not possible within the limitations of funds assigned to this study to 
undertake a survey to pinpoint the nitrate and zinc sources, it seems reasonable 
to assume they do result from certain industrial activities within the large 
urban-industrial complex incorporating the St. Louis area and Alton-Wood River. 
Examination of seasonal data indicated that the atmospheric/streamwater 
ratios were generally lowest on both basins in winter, when the atmosphere 
is more stable, and, consequently, less mixing takes place in the lower layers 
of the atmosphere. As a result, industrial and residential stack and chimney 
outputs are less likely to reach the surface in relatively large quantities 
within short distances downwind of the source. Conversely, the largest ratios 
occurred in Fall 1973 which was completely dominated by convective (unstable) 
types of rainfall, and heavy rainstorms occurred on several occasions, all of 
which would favor above average transmittal of atmospheric contaminants to 
the surface within short intervals of distance from the sources. 
CONCENTRATION OF CHEMICAL CONSTITUENTS IN STORM RAINFALL 
In conjunction with METROMEX, a rainwater chemistry network is operated 
(Semonin and Gatz, 1973). Within this network of 80 stations, 9 are in the 
Canteen Creek basin. The rainwater chemistry network does not extend over 
the Indian Creek basin. At the time of preparation of this report, analyses 
of selected elements in storm rainfall had been completed or partially 
completed for 14 storms during 1973-1974. Analytical results from these 
storms have been included in our study to provide l) an estimate of storm 
rainwater concentrations and their storm-to-storm variation in summer convective 
storms, and 2) a comparison of rainwater and streamwater concentrations of 
contaminants during such storms. 
Table 18 shows the median rainwater concentrations for each storm and 
the streamwater concentrations. The streamwater data consisted of either 
several samples taken during the storm period, or a single sample taken within 
a few hours following the storms. Table 19 shows the median ratio of the 
rainwater to streamwater concentrations. Most of the rainwater analyses only 
included the soluble portion of the chemical elements. Adjustments were made 
in these cases using mean ratios of soluble to total concentration for each 
chemical element, based upon earlier analyses (1972) done on the METROMEX 
project. 
Table 18 shows major variations in concentration between storms. Thus, 
calcium had a range of 1.07 mg/l to 18.84 mg/l (nearly 18-fold) among the 10 
storms for which analyses had been completed. The streamwater concentration 
in the same 10 storms for calcium ranged from 54 to 202 mg/l, or a range of 
approximately 4 compared with 18 in the rainwater concentrations. 
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Table 18. Concentration of Selected Elements in Rainfall and 
Streamwater for Storms on Canteen Creek. 
The median ratios of rainwater to streamwater concentrations for all 
storms combined in Table 19 indicate that the storm rainwater contributions 
to the streamwater concentrations of contaminants could only be very small, 
except for potassium. The relatively high median of 0.19 for potassium is 
rather surprising. As indicated in earlier discussions, it is believed that 
the potassium contamination in streamwater results largely from farm 
fertilizers. The relatively high potassium concentrations in the storm 
rainwater shown in Tables 18 and 19 indicate that surface soils may be swept 
into the rain system near the surface by the wind and updrafts associated 
with convective storm systems that dominate the summer rainfall. Huff (1964) 
in a study of radioactive rainout in convective rainstorms found that surface 
particulates were frequently swept into the forward edge of convective storms 
by the convergence processes in the storm. The same processes could be the 
cause of the high potassium concentrations. The other possibility is an 
atmospheric source of potassium effluent from some industrial stack in the 
vicinity, but no such source has been found. 
Except for potassium, the ratios in Table 19 show that the median 
rainwater concentrations are only 1% to 4% of the streamwater concentrations. 
These are somewhat larger than the 5-season averages for weekly rainwater 
totals shown in Table 13, but are still relatively small. The differences 
could be due to several causes, such as number of storms in sample, length 
of sampling period, use of different types of samplers, and variations in 
analysis procedures used with the two sets of samples. In any case, the 
potential rainwater contribution to streamwater concentrations during and 
following storms appears to be small, except possibly for potassium. 
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Table 19. Median Ratio of Rainwater to Streamwater Chemical 
Concentrations in Canteen Creek Storms. 
Element Ratio 
Sodium 0.016 
Magnesium 0.009 
Potassium 0.193 
Calcium 0.037 
GENERAL SUMMARY AND CONCLUSIONS 
A study was made of the effects of atmospheric effluents from the large 
urban-industrial area of St. Louis-Alton-Wood River on the water quality in 
the streamwaters of two small basins located in a region that is frequently 
downwind of these urban-industrial areas. Sampling of streamwater and 
atmospheric deposition was made on a weekly basis for a 5-season period 
beginning with the summer of 1973. Sampling was also carried out in selected 
storms on the two basins, Canteen Creek (22.5 mi2) and Indian Creek (37 mi2). 
Indian Creek is essentially a rural basin and Canteen Creek is approximately 
one-third urbanized. Thus, urban-generated surface pollutants are not a 
major source of stream contamination on these basins, particularly Indian 
Creek. 
Analyses were made for a number of chemical constituents in the 
streamwater and rainwater, such as calcium, magnesium, sodium, potassium, 
zinc, total dissolved minerals, nitrates, chlorides, and sulfates. The 
streamwater was also analyzed for pH, alkalinity, and hardness. Supplementary 
data on rainwater chemistry for Canteen Creek was obtained from the METROMEX 
project, partly sponsored by NSF, which was operating in the same area. 
Analyses of chemical constituents in the streamwaters of the two basins 
indicated a generalized inverse relationship between streamwater chemical 
concentrations and precipitation. Among the constituents analyzed, sulfate 
concentrations appeared to be the most strongly affected by rainfall magnitude. 
In most cases, concentrations were higher in the streamwater of the more 
urbanized Canteen Creek basin. 
Correlation analyses indicated that streamwater concentrations at a 
given time are not strongly related to any particular antecedent rainfall 
period. The relation between streamwater concentration and antecedent rainfall 
varies considerably between seasons and between individual chemical constituents 
within seasons. However, very strong correlation coefficients (≥ 0.82), which 
explain 2/3 of the variance, were obtained for 35% to 43% of the chemical 
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constituents in the summer, winter, and spring seasons when data for the 
two small basins were combined. For a 12-month period, June 1973-May 1974, 
57% of the seasonal individual correlations were relatively strong (≥ 0.71) 
and 34% were very strong. These analyses show that antecedent rainfall is 
a very important factor in establishing streamwater concentrations, although 
no specific antecedent period (1 to 7 days) was found to relate most 
strongly to weekly measurements of concentration. 
Analyses of the time variation of chemical concentrations in streamwater 
during warm season storms indicated that only minor changes usually occur 
during and immediately following convective rainstorms (thunderstorms and 
rainshowers) on the two small basins. Time distributions most frequently 
exhibited a flat pattern (little change with time). Other patterns identified 
were an intermittent peaking during or following the cessation of rainfall, 
and either increasing or decreasing concentrations for a considerable period 
during and following a rainstorm. However, these patterns were not usually 
pronounced. 
An investigation was made to determine whether any distinct relationship 
existed between streamwater concentration of the various chemical constituents 
and synoptic storm type, wind flow, and rain type. Analyses provided no 
evidence of a significant relationship between these potential meteorological 
influences and streamwater contamination in rainstorms. However, the results 
are based on a relatively small sample of 14 storms on Canteen Creek and 16 
storms on Indian Creek. A larger sample of storms and more extensive time 
sampling would be needed to firmly establish the presence or absence of a 
relationship. 
Weekly samples of atmospheric deposition of the chemical constituents 
were obtained at stations near each basin. Separation of the wet and dry 
components of the weekly deposition indicated that the wet (rainwater) and 
dry deposition are of the same order of magnitude over an extended period of 
time. However, the rate of deposition is much greater in rainfall which 
occurs in only a small percentage of the total hours per season or year. 
Analyses indicated that the dry deposition rate is usually less than 10% of 
the wet rate, and with some elements the dry rate is only 1% to 2% of the 
storm rainfall rate. 
Computations were made next of total basin deposition of wet and dry 
fallout (atmospheric deposition) and the total stream load of selected 
chemical constituents in the 12-month period, June 1973-May 1974. Results 
showed that the atmospheric deposition was small compared with the annual 
stream load on both basins, except for nitrates on both basins and zinc on 
Indian Creek. Atmospheric deposition of nitrates on Canteen Creek were 
equivalent to 51% of the stream load, and the zinc deposition on Indian Creek 
was more than twice the annual stream load. Otherwise, the atmospheric 
deposition ranged from about 1% of the total stream load for sodium on both 
basins to approximately 17% for sulfate's on Indian Creek. It is believed 
that the abnormally high zinc deposition results from one or more industrial 
Sources, and it is likely that the high nitrate depositions are also related 
to some upwind concentrated source. The results of this study lead to the 
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conclusion that urban-industrial sources can be important contributors to 
stream contamination under certain circumstances through stack discharges 
of certain effluents in relatively large quantities into the lower atmosphere. 
This is especially true if the particulates are relatively large and/or have 
an affinity for water (raindrops). 
Storm rainwater chemistry data from 14 storms at 9 stations in the 
Canteen Creek basin were provided by the METROMEX project which is conducting 
research on urban effects on precipitation in the St. Louis region. At the 
time of this report, the rainwater had been analyzed only for trace metals, 
such as sodium, magnesium, potassium, and calcium. Median basin concentrations 
of the above metals for each storm were compared with median concentrations in 
the streamwater at or near the same time. Major variations in rainwater 
concentrations occurred between storms and were much greater than the 
streamwater variations. For example, calcium had an 18-fold range for the 
10 storms in which it was analyzed compared with a 4-fold range for streamwater 
in the same storm periods. Median rainwater concentrations for the 14-storm 
sample were only 1% to 4% of the median streamwater concentrations, except 
for potassium which was 19%. Since potassium is almost entirely a surface-
generated contaminant, the relatively high values are believed to be associated 
primarily with surface soils being swept into the summer convective rain 
systems near the surface by updrafts in these storms, and later washed out 
in downdrafts from the storms. In general, the storm data indicate that the 
atmospheric contributions to streamwater concentrations of trace metals is 
quite small in the two small basins studied. This is in agreement with 
analyses of the weekly samples of atmospheric deposition discussed previously. 
However, this is not meant to imply that atmospheric sources cannot 
be important. It does indicate for most chemical constituents studied that 
the surface sources of streamwater pollution are much greater than the 
atmospheric contribution on the two small basins near St. Louis. Fisher et al. 
(1968) in a study of the water quality of streams in an experimental forest 
in New Hampshire concluded that precipitation accounted for most of the 
sulfate content of the streams and the precipitation input exceeded the stream 
outflows of nitrate. This was not true in the case of the combination of 
urban-farmland basins evaluated in our study. 
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